The effect of starvation and sampling time on plasma alkaline phosphatase activity, total plasma calcium concentration and whole blood ionized calcium concentration was determined in the rat. Starvation caused a significant fall in total and ionized calcium concentrations as well as in alkaline phosphatase activity. These changes were accompanied by a fall in whole blood pH and an increase in the anion gap and a decrease in urinary excretion of calcium. These indices were restored to normal following refeeding. There was no change in serum 25-0H vitamin D concentrations following starvation for 3 days. Alkaline phosphatase activity showed a pattern compatible with the presence of a circadian rhythm when sampling took place between 0800 and 1800 h. Total and ionized calcium concentrations did not show such a rhythm when animals were fed the present diet.
observed in humans: plasma total calcium (Cat) concentration and alkaline phosphatase (ALP) activity. This study attempts to determine those factors which may influence the plasma levels of these variables in the rat. The investigation involved monitoring ALP activity and the concentrations of Cat and ionized calcium (Caj) in plasma and whole blood respectively, and of calcium excretion in the urine, following 3 days st.arvation and 5 days refeeding in the rat.
Since, to our knowledge, there is no evidence that plasma ALP activity varies during the day in rats with free access to food, we also carried out further experiments. Thus, ALP and Cat were measured simultaneously at timed intervals between 0800 and 1800 h to determine whether sampling time and feeding patterns have any influence on plasma ALP activity and Cat concentration.
Materials and methods
Design of study Study 1 Rats (male Sprague Dawley) in the fed group were maintained on Diet 41B (Grain Harvesters Ltd, Wingham, Kent, UK; O· 960/0 calcium) and allowed free access to water. The starved rats had their food removed for 3 days before sampling. In some 3-day experiments, the fasted animals were refed ad libitum with free access to water for 5 days. In the 3 day fasting experiments all animals (fed, refed and starved) were sampled between 1000 and 1100 h. All animals were housed in wire-bottomed metabolic cages to minimize coprophagia and to allow urine collection to determine urine calcium concentration.
Study 2 In further experiments, animals were allowed to follow their normal eating pattern and blood samples were collected at 2 h intervals between 0800 and 1800 h. These animals were exposed to a 12 h/12 h dark/light cycle with the dark period between 1800 and 0600 h.
Collection of samples
Rats were anaesthetized with pentobarbitone (90 mg/kg) intraperitoneally (Sagatal; May and Baker Ltd, Dagenham, Kent, UK), as previously described (Jeremy et al., 1985) . Blood was collected by cardiac puncture (once only from each animal) and placed in fluoride-oxalate bottles for glucose estimation and lithium-heparin (2 iu/ml) bottles for plasma biochemistry (see below), whole blood pH and Caj determination.
Serum samples (200 pJ/rat) were pooled from each experimental group (n = 7) and 25 hydroxyvitamin D (25-0HD) determined.
Analysis of samples
The plasma concentration of the following were determined using standard methodology for the SMAC AutoAnalyzer (Technicon Instrument  Co The anion gap was calculated as: (Na + )-
where Na+ is the plasma sodium concentration, CI-is the plasma chloride concentration and HC0 3 -is the plasma bicarbonate concentration.
25 Hydroxyvitamin D (25 OHD) was measured by a radioimmunoassay kit obtained from Thompson et al. Results are expressed as median and (range); n = number of animals sampled at the time indicated. 600f
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Statistical analysis and presentation of results
Results are presented as median and (range). The results were compared using two-tailed Mann-Whitney (unpaired results) and Wilcoxon (paired results) tests.
Results

Animal weights and food intake
The changes in animal weights are shown in Table 1 . In a series of experiments we monitored food intake during the day. The animals were found not to eat between 0800 h and 1600 h. At 1800 h results indicated a wide variation in food consumption, with some animals eating no food whilst others had eaten up to 4 g. Overnight the animals had eaten 21·5 g (17-27 g; n= 16).
Effect of sampling time and starvation on plasma ALP
Plasma ALP activity was found to decrease significantly from 0800 h to 1800 h (Fig. 1) . A fall in ALP activity was also found following 3 days starvation. This value normalized after refeeding for 5 days (Table 2) . 55 
Effect of sampling time and starvation on plasma Cat and inorganic phosphate concentrations
No change in plasma Cat or inorganic phosphate was found with sampling time (0800-1800 h).
Starvation caused no significant change in plasma inorganic phosphate concentration ( Table 2 ). In contrast, starvation caused a significant fall in Cal concentration (P<O-Ol) , which normalized on refeeding for 5 days ( Table 2) .
Effect of sampling time and starvation on Ca; concentration
Cai concentration and pH did not change with sampling time (0800-1800 h). Starvation, however, caused a significant fall in actual Cai and pH. When Cai concentration was corrected for pH 7, 4, a significant fall in Cai induced by starvation was also found (P<0-004; Table 3 ). Even so, the relationship between Caj and Cal remained constant after starvation. Thus Cai corrected was 49070of the Cal in both control and starved rats, and the Caj actual was 47070 and 48070 of the Cal in the control and starved rat, respectively_ Results are shown as median and (range). n = number of rats sampled. 
Effect of starvation on urinary calcium excretion
Water intake fell dramatically on starvation. This change was accompanied by a significant fall in urinary calcium concentration ( P < O· 002), and thus 24 h urinary calcium excretion also fell. These values normalized on refeeding for 5 days (Table 4 ).
Other variables not affected by sampling time
The anion gap and plasma bicarbonate, total protein, albumin, chloride and glucose concentrations
were not significantly altered between 0800 and 1800 h ( Table 5) . Thompson et al. Changes in plasma bicarbonate, albumin, anion gap, inorganic phosphate and glucose following 3 days starvation Starvation caused a significant rise in the anion gap with a significant fall in plasma bicarbonate and blood glucose concentration;
there was, however, no effect on plasma albumin and inorganic phosphate concentrations. The variables that were affected by starvation normalized on refeeding for 5 days ( Table 2 ).
Effect of starvation on 25 hydroxyvitamin D levels
The pooled serum 25-0HD concentration in the 3 day starved animals was 34 nmol/l, which was similar to the 25 nmol/l found in the pooled sample of the control rats. These values are similar to a previous study which reported the normal range as 20-50 nmol/I (Rojanasathit & Haddad, 1977) .
Discussion
Two findings emerge clearly from the present study. Firstly, there is an apparent circadian rhythm in plasma ALP activity in the rat which may relate to its feeding habits. This view is supported by the observed fall in plasma ALP activity following starvation, as shown by us and others (Weil & Russell, 1940; Flock & Bollman, 1948) , and during daylight hours when the rats were not feeding. In contrast, it has been reported that an increase in food consumption causes a parallel increase in ALP activity (Tuba & Madsen, 1952) . This is in keeping with our findings of peak plasma ALP activity at 0800 h, following overnight feeding. It is also of interest that the composition of food (e.g. fat and methionine content) also influences serum ALP activity (Flock & Bollman, 1950; Tuba & Madsen, 1952) . Unlike humans, the main source of plasma/serum ALP activity in the normal rat is of intestinal origin (Gould, 1944; Flock & Bollman, 1948; Madsen & Tuba, 1952) which may explain, in part, why rat plasma ALP activity is influenced to a considerable extent by dietary status. The above findings have highlighted the need to define clearly the sampling time in any experiment using the rat if plasma ALP is to be measured. Moreover, it is important to consider that altering the feeding pattern may also influence plasma ALP activity. The second relevant finding of the present study relates to calcium homeostasis. A 3 day fast caused a significant fall in plasma Cat concentration and urinary calcium concentration and excretion in the rat. A fall in plasma Cat concentration following a fast of 6 h has been previously documented in the rat (Lausson et al., 1985) .However, to our knowledge, there are no reports of changes in urinary calcium excretion during starvation. In the present study, the fall in Cat concentration was unrelated to plasma albumin concentration, as this variable did not change (Table 5) ; neither was it related to a significant fall in serum 25-0HD concentration. The fall in Cat concentration was paralleled by a fall in Ca; concentration. This change occurred in the presence of a significant fall in blood pH associated with starvation. The resulting metabolic acidosis is compatible with the significant rise in the anion gap ( Table 2) . The most likely explanation of the fall in calcium-related indices is the reduced calcium intake imposed by starvation.
Previous studies using dietary calcium of 0,6070 (Milhaud et al., 1972 )and 0,7070 (Lausson et al., 1985 found a circadian rhythm in Cat concentration during a 24 h sampling period. In fact, the authors of the latter study found the rhythm to be more obvious when the dietary calcium was reduced to 0,03070. We, however, using a dietary calcium of 0'96070, were unable to demonstrate a circadian rhythm in Cat concentration (Table 5 ). These findings would suggest that this circadian rhythm is related to dietary calcium intake, with the rhythm being obvious at low dietary calcium intakes and abolished with high calcium diets. It is therefore of interest to note that in further experiments using rats (n = 7) on a diet with lower calcium content(0'710J0, Rat and Mouse No. I Modified Maintenance Diet, SDS, Witham, Essex, UK) we found a reduction in median Cat concentration (2' 71 mmol/l) as compared with the value (2'76mmol/l) in Table 2 . Urine volume (6ml) and 24 h urinary calcium excretion (25 . 5 p.mol/ 24 h) were also reduced (cf. Table 4 ). None of these values achieved statistical significance when compared with values obtained from rats on the diet used in the present study. Interestingly, this latter diet (Grain Harvesters) provided a gross calcium intake of approximately 830 mg/kg. This contrasts markedly with an average normal daily intake of approximately 8-14 mg/kg in man (Holick et al., 1987) .
In conclusion, these findings indicate that starvation, and therefore a fall in calcium intake, is associated with a fall in plasma Cat and Caj concentrations and urinary calcium excretion in the rat, so that these values approach those found in healthy humans. The normal ranges in man for plasma Cal and Cai in our department (using the same methodology as that described here) are 2· 20-2' 60 mmolll and 1· 08-1 . 24 mmolll, respectively. Thus, for adequate representation of the human situation, the calcium content of commercial rat chow should be reduced markedly. Finally, caution should be exercised when determining plasma ALP activity in the rat, since this value can be influenced by a variety of factors including dietary composition and sampling time: factors which may sometimes be overlooked.
